In patients with high-grade atherosclerotic stenosis or occlusion of the extracranial cerebral arteries, subarachnoid hemorrhage (SAH) may occur, potentially due to rupture of fragile dilated pial collateral vessels. This association has been well described in Moyamoya disease. There are only few cases in the literature that reported SAH due to bilateral carotid artery stenosis but intraventricular hemorrhage caused by dilated pial collateral has not been reported yet. We present a case of bilateral carotid artery occlusion presented with intraventricular hemorrhage. Based on the findings in the present case, carotid artery stenosis or occlusion may present with intraventricular hemorrhage due to rupture of the dilated, fragile collateral vessels.
INTRODUCTION
Bilateral severe obstruction or occlusion of the extracranial carotid arteries is a hemodynamically critical state. Subarachnoid hemorrhage due to rupture of the dilated fragile pial vessels has been described in patients with Moyamoya disease (1, 2, 5) . There are only a few cases in the literature that report subarachnoid hemorrhage in high-grade atherosclerotic stenosis or occlusion probably due to similar mechanisms as described in Moyamoya disease (1, 3, 4) . However, intraventricular hemorrhage caused by dilated fragile collateral vessels has not been reported previously. We present an unusual case of bilateral carotid artery occlusion that presented with intraventricular hemorrhage probably due to pial collateral vessels.
CASE REPORT
A 73-year-old man was brought to the emergency department by his relatives due to sudden loss of consciousness at home. The patient had a history of mild hypertension and 40-pack-year of smoking. On admission, he was in state of stupor (Glasgow Coma Scale was E1V3M5). Blood pressure was 160/80 mmHg, and electrocardiogram showed normal sinus rhythm with mild tachycardia. His temperature, lung and heart auscultation were normal. Laboratory tests, blood chemistry, hemogram and coagulation tests were within normal limits. There was no clinical evidence of endocarditis, with negative findings on blood cultures and a normal finding on transthoracic echocardiogram.
Non-contrast CT scan of the brain revealed isolated intraventricular hemorrhage and mild ventricular dilatation. A chronic right posterior watershed infarct also appreciated ( Figure 1 ). There was no evidence of subarachnoid hemorrhage on cortical sulci or basal cisterns.
Brain CT angiography was obtained with a 64-MDCT scanner (Aquillon 64, Toshiba Medical Systems, Tochigi, Japan) after IV administration of 80 mL of contrast medium (370 mg I/mL). CT with bilateral internal carotid artery occlusion probably due to dilated collateral vessels. Subarachnoid hemorrhage has been described previously but intraventricular hemorrhage associated with bilateral occlusion of the carotid arteries with angiography revealed bilateral occlusion of the internal carotid arteries along with extensive dilated pial collateral vessels (Figures 2; 3A, B) . Collateral support via the circle of Willis was weak. The anterior communicating artery was thin and there was no posterior communicating artery. Initial and control CT angiography after 2 weeks demonstrated no evidence of vasculitis, intracranial stenosis, aneurysm or arteriovenous malformation. Pre-contrast and post-contrast images showed no evidence of acute infarction, or an underlying mass. A right frontal external ventricular drain was placed but his condition deteriorated. His condition continued to deteriorate and on the seventeenth day the patient died.
DISCUSSION
We presented a case of intraventricular hemorrhage associated 
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no appreciated vascular and parenchymal abnormalities has not been reported yet to the best of our knowledge.
Moyamoya is an angiographic finding, characterized by deep and superficial abnormal vascular networks triggered by progressive stenosis or occlusion of the supraclinoid carotid artery (2, 6) . Most intracranial hemorrhages in Moyamoya occur within the brain are intraparenchymal, subarachnoid or intraventricular and caused by the rupture of associated saccular aneurysms. However, there are few reports of SAH observed exclusively at the cerebral convexity, which is thought to be caused by the rupture of dilated fragile cortical arterioles. Hemodynamic stress may damage already maximally dilated pial collateral vasculature and produce SAH (1, 2) . Similar to the above-described mechanism of SAH observed in Moyamoya, SAH may also occur in high-grade atherosclerotic stenosis of carotid arteries by the rupture of dilated fragile compensatory pial vessels (1, 2) . In our patient with bilateral internal carotid artery occlusion, there was no evidence of vasculitis, intracranial stenosis, aneurysm, arteriovenous malformation or parenchymal lesion that may cause intraventricular hemorrhage. Although, the etiology of the intraventricular hemorrhage remains uncertain, spontaneous rupture of the dilated fragile collateral vessels is highly probable. The rarity of subarachnoid and intraventricular hemorrhage in the setting of high-grade internal carotid artery stenosis or occlusion may reflect the collateral pathways across the circle of Willis that is usually present. However, the absence of adequate collaterals as in our case may provide a clue to this mechanism of hemorrhage.
CONCLUSION
In conclusion, in patients with high-grade atherosclerotic stenosis or occlusion of the internal carotid arteries, intraventricular hemorrhage may occur due to rupture of fragile dilated pial collateral vessels. CT angiography evaluation of the subarachnoid and intraventricular hemorrhage should include the cervical vasculature to avoid missing a treatable cause.
